Field and greenhouse studies were conducted to. measure changes in plant growth resulting from grasshopper defoliation. All data indicated that as grasshopper grazing intensity on needleand-thread grass increased, total root weight decreased. A greenhouse study with western wheatgrass showed that heavy grazing (80% removal of top growth) for a 16-day period reduced top growth 82%, root growth 85%, crown growth 81%, rhizome growth 180%, and depth of root penetration 4%. Field obserrations indicated that most grasshopper defoliation of needle-andthread grass and western wheatgrass occurs after seasonal growth has been completed.
from very fine sandy loam to silt loam with 8 to 18% noncarbonate clay and 1 to 14% fine sand to coarser particles. Brocko soils are formed from eolian material that has been deposited over older river terraces.
Needle-and-thread Grass-Greenhouse Study
Plants about 5 cm in basal diameter were removed from the study area in November, 1973 ; the tops were trimmed to 2.5 cm and the roots to 8 cm. The plants were then stored outdoors in Bozeman, MT., until January 16, 1974 , when 12 plants were placed one each in root boxes (60 X 29 X 23 cm) filled with a soil mixture consisting of 75 parts washed sand and 25 parts peat. The root boxes had sloping, removable glass fronts.
The greenhouse air temperature ranged from 25' to 30" C, soil temperature at a depth of 10 cm ranged from 18O to 26' C. The photoperiod consisted of natural day length, with the light diffused through transparent, corrugated, fiberglass paneling.
At the initiation of the tests (72 days of plant growth) 3rd-instar migratory grasshoppers, Melanopfus sanguinipes (F.), were randomly placed in four replicated cages at densities of 12 (heavy grazing), three (light grazing), and zero (control) grasshoppers per cage. The grasshopper density was periodically adjusted by removal or addition of grasshoppers of equal age to maintain equal defoliation levels within each treatment.
To determine the effects of grasshopper grazing on new growth, 12 additional plants were started in root boxes 1 week before grasshopper introduction onto the 72day-old plants. These 12 plants were randomly divided into three similar treatments and infested at densities of 3, 1, and 0 grasshoppers per plant in order to duplicate the previously mentioned grazing intensities. Root growth was not measured in this phase of the study.
On May 16, 1974, the test was ended and the plants were washed from the root boxes; divided into root, crowns, and top growth; oven-dried at 600 C; and weighed. In this phase of the study, crown consisted of the basal area of the culm through 8 cm of roots.
Needle-and-thread Grass-Field Study
Needle-and-thread grass plants grazed by grasshoppers were compared to ungrazed plants at the Three Forks site. Ten somewhat isolated plants of approximately the same size (basal diameter approximately 5 cm) were selected and excavated on June 20, 1974. The root system was cut 8 cm below the surface level, and the flag leaf and sheath containing the inflorescence were removed. These plants were then replanted in their original spots and enclosed in metal cages (Mazuranich 1975) . Five randomly selected caged plants were then each infested with six 3rd-to rlth-instar bigheaded grasshoppers, (Aulocara elliotti Thomas). The five remaining caged plants were used as controls. During this test, the grasshoppers were maintained at a density of at least two grasshoppers per cage.
Another group of ten needle-and-thread grass plants were similarly selected although not excavated. Five of these plants were caged and infested with A. elliotti at the same density as the excavated plants.
The test ended after 48 days, at which time all grasshoppers were dead. The plants were then excavated in approximately equal size blocks (IS X 15 X 30 cm) and brought into the laboratory. The plants were then presoaked, washed, and separated into tops, crowns, and roots, oven-dried for 24 hours, and weighed. Greenhouse tests Western wheatgrass (A. smithii var. rosana) seeds were germinated on March I, 1975. Five-day old seedlings were labeled "day one" in the experiment. On day two, 100 seedlings of uniform size and vigor were transferred into 25 of the glass-faced root boxes. The four seedlings per box were placed 1 cm from the slanting glass.
The soil used in this experiment, I/ 2 washed sand and I/ 2 Bozeman silt loam, was mixed by hand. The loam was sterilized by steam for 24 hours. The root boxes were laid on their sides and filled with the mixed soil. Sifted soil, placed next to the glass, formed the top layer of each root box. All root boxes were then heavily watered and left until the soil settled on the glass.
On day 31, the 25 root boxes were randomly divided into five treatments, each having five replications in a randomized complete block design. The five treatments were: Plants not excavated I.
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A one-time clipping 2.5 cm above the surface to remove 90% of the top growth; Heavy grazing by grasshoppers (80% removal by weight of top growth); Moderate grazing by grasshoppers (5% removal); Light grazing by grasshoppers (20% removal); Ungrazed. The grazing levels were maintained for a period of 16 days by the two-striped grasshopper Melanoplus bivittatus (Say). Grasshopper densities were periodically adjusted to establish equal levels of defoliation within a treatment. The grazing treatment ended on day 48, after which the plants continued to grow until day 93.
Daily root growth measurements were made at the start of the test and during the treatment period. The number of tillers and shoots from rhizomes was recorded for each root box. On day 93 the plants were separated into tops, crowns, roots, and rhizomes, oven-dried at 600 C, and then weighed. The crown consisted of the immediate basal portion of the culm and small (5 mm) portions of the roots.
Plant and Grasshopper Growth Curves
Grasshopper development was related to plant development under field conditions. Four glass panes were buried at 45 degree angles in the field on May 2,1975. Soil was removed fromone side of the glass so plant growth on the opposite side could be observed. Sifted soil was placed next to the glass on two of the panes and a seedling of western wheatgrass was planted behind one pane and a needleand-thread seedling behind the other. The other two panes were buried near and partially under natural occurring plants the soil partially removed from one side to allow for observations. Root growth and plant phenology was recorded bi-weekly from May to September. Grasshoppers were collected with a sweep net each week, stored in a freezer, and later identified by species and developmental stage.
Results
Needle-and-thread Grass Defoliation
The two defoliation treatments of the older group of plants tested in the greenhouse were grazed for 48 days by grasshoppers. Approximately 50 and 70% of the top growth by weight was removed by moderate and heavy grazing, respectively, and root growth was reduced about 50% at both intensities as compared to the ungrazed plants (Table 1 ). It appears that the crown weights nearly doubled under heavy grazing; however, this could be due to an error in selection of plants for the various treatments. It is possible that plants with large crowns were placed in the heavily grazed treatment. The crown weights reported in the field tests are probably more accurate since the crowns of the grazed plants weighed less than the ungrazed plants in both excavated and nonexcavated plants. not differ significantly from the ungrazed crown weights. Defoliation by grasshopper grazing on the seedlings (green-up phase) produced 10% plant mortality. New plant material could not be produced fast enough to compensate for grasshopper feeding. Results indicated that more than 1 week of plant growth is needed to withstand the stress of grasshopper grazing at the grasshopper densities tested.
The field test with needle-and-thread grass ended August 6, 1974, 48 days after the initial infestation, at which time all grasshoppers in the cages were dead. Grasshoppers fed on the plants between the time of inflorescence and seed shatter, by which time the grasshoppers had removed 83 and 88% (by weight) of the top growth of pre-excavated and nonexcavated plants, respectively (Table 1) .
Roots of the grazed pre-excavated plants weighed 63% less than roots of ungrazed pre-excavated plants. The weight of roots of the nonexcavated plants was reduced 38% by grazing (Table I) .
The difference in weight between percentage root reduction of the preexcavated and nonexcavated plants is probably a result of excavation of the plants before the grazing period. The root system under the nonexcavated plants included both old and new active roots. Crown weights were not significantly affected by grasshopper defoliation.
Western Wheatgrass Defoliition
In the greenhouse test, the grasshoppers removed 20, 50, and 80% (ocular estimate) of the top growth of seedlings as compared to that of ungrazed plants in light, moderate, and heavy grazing, respectively. The plants were harvested and weighed 46 days after grazing had ended. This particular time period was necessary to allow plants to recover from the effects of defoliation.
Top, root, crown, and rhizome regrowth and depth of root penetration response of western wheatgrass to defoliation is shown in Table 2 . The one time clipping (90% removal) was essentially equal to the moderately grazed treatment (50% continuous removal) in relation to the dry weights of all plant parts except rhizomes. For all criteria, dry weight was inversely proportional to grazing pessure. The heavily grazed treatment reduced top growth 82%, root growth 8570, crown growth 81%, rhizome growth lOO%, and depth of root penetration 49%.
Root penetration for all five treatmentsfromdays 28 through 55 is shown in Figure I . The grazing period lasted from day 31 through day 47. The clipping treatment stopped all root growth for a period of 5 days, during which time the rate of top growth of the clipped plants increased compared to that of the ungrazed plants.
By the end of the testing period on day 93, average heights of clipped and ungrazed plants were equal. The grazing treatments did not have the immediate effect as in the clipping treatment, but as the defoliation intensity increased with time and the grasshoppers increased in size, daily root elongation gradually decreased. Root elongation nearly stopped on day 42 under the heavy grazing treatment. It is possible that if heavy grazing had continued, the western wheatgrass plants would have died. Plants in the lightly grazed treatment showed a root growth rate similar to those in the ungrazed treatment. The moderate grazing and clipping treatments were similar in that root elongation increased only slightly after day 44 (Fig. I) . Results indicate that heavy grazing by grasshoppers can be most detrimental to the roots.
The mean number of new shoots produced by western wheatgrass in response to the five treatments was a follows: light grazing I 1.0, ungrazed 10.4, clipping 6.8, moderate grazing 4.4, and heavy grazing 0.0. Differences were not significant between the ungrazed, lightly grazed, and clipping treatments. However, the moderately grazed plants had significantly 35% fewer new shoots than the ungrazed plants.
Plants and Grasshopper Development in the Field
Average weekly culm heights for western wheatgrass and needleand-thread grass in relation to grasshopper development are shown in Figure 2 season grasses. Most of the adult portion of the grasshopper life span occurred from the latter part of July through September. An exception was Psoloessa delicatula &udder), which overwinters in the nymphal stage. This grasshopper and a few other species that overwinter as nymphs could possibly be detrimental to early coolseason grasses. However, such species usually do not occur in high numbers.
The year under consideration was atypically cool with high precipitation. In general, cool-moist spring weather prolongs the time spent by grasshoppers in the nymphal stage.
Measurements of root elongation in the field were highly variable for both western wheatgrass and needle-and-thread grass. The roots would grow against the glass for a short period of time and then die back or turn away from the glass. Weekly measurements showed an average daily root growth of 10 mm per day.
During mid-July, the roots of both grass species nearly stopped growing against the glass panes at the time of anthesis. Only occasional elongation was observed after this date. No estimation of early spring (May) root growth was made; however, some rhizome activity was noted during September.
Discussion
It is apparent that defoliation of plants by grasshoppers does have an adverse affect on plant growth and development under the conditions of the tests. Previous studies where plants were clipped at different frequencies and at different heights showed that yield was reduced (Holscher 1945 , White 1973 , Buwai and Trlica 1977b , and the rate of root growth decreased (Bokhari and Singh 1974) . Generally, the more frequent and severe the removal of herbage, the greater the depression in yield. However, some studies show that defoliation does not drastically affect affect plant growth. For example, Trlica et al. (1977) evaluated western wheatgrass plants 14 to 26 months after the plants were heavily defoliated (90% of foilage removed) during each of four different phenological stages and found all plants had herbage yields similar to the control plants. Buwai and Trlica (1977a) also reported that root weights of clipped western wheatgrass plants were only slightly less than those of the undefoliated plants.
Grasshoppers and rangeland plants have evolved together in the rangeland ecosystem, thus it seems that light or moderate grazing by grasshoppers would probably not be detrimental to most plant species. However, high grasshoper numbers reduce available forage and may destroy entire plants, especially during periods of drought (Nerney and Hamilton 1969) . Grasshopper grazing is unique and different than livestock grazing in that forage is removed at random heights on each plant, grazing pressure occurs daily from hatching till death, there is no trampling affect as with livestock, and selective grazing on preferred plants may lead to plant mortality in one grazing season (Newton and Esselbaugh lq52, Mitchell and Pfadt 1974, White 1974) . Many factors are certainly involved in determining the affect ofgrasshoppergrazing on rangeland plants and additional studies are indeed justified to further explain this process.
Summary
Both greenhouse and field data of needle-and-thread grass indicated that as grasshgpper grazing intensity increased, total root weight decreased. Heavy grazing (80% removal of top growth of western wheatgrass) for a 16day period was the most detrimental of all treatments studied. Observation and data showed that moderate rates of grazing (50% removal of top growth) and a one-time clipping (to a 2.5-cm level, 90%) reduced root growth 70 and 60%, respectively. As grasshopper grazing intensity increased on western wheatgrass there was: (I) a reduction in total root, crown, and rhizome weight, (2)a reduction in maximum depth of root penetration, and (3) a reduction in the number of new shoots produced. Field observations indicated that most grasshopper defoliation occurred after the active growth period of needle-and-thread and western wheatgrass, thus the influence of this grazing is probably less drastic than if it occurred during the period of active growth.
Most range managers seek to obtain maximum livestock production without overgrazing critical rangeland plants but often neglect the effect of other grazing herbivores, such as grasshoppers which may increase unexpectedly in any year. Results of this study indicate that grasshoppers should also be managed, or severe overgrazing may occur and plant reserves seriously depleted. In general, rangeland grasshopper control is carried out to reduce forage losses and prevent movement of grasshoppers into crops.
